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It  is  known  that  blood  monocytes  and  tissue  macrophages  will 
subsist upon a medium of serum or plasma diluted with Tyrode solu- 
tion. la  They also  feed  upon  bacterial  protein,  muscle  tissue,  and 
coagulated  protein  such  as  egg  albumin. 1.2  Embryonic  juice  and 
proteoses,  if  sufficiently dilute,  cause active  multiplication  of these 
cells, but kill them under conditions that  promote the multiplication 
of fibroblasts.  1-3  It is also known that the morphological characteris- 
tics of the monocytes vary according to their nutritive  state.'a  Al- 
though it seems evident that the monocytes live on digested protein, 
no detailed  study has heretofore been  made of the effect of various 
products of protein digestion on these cells.  The experiments reported 
in this paper deal with the effect of proteins  hydrolyzed to varying 
degrees on  (1)  the rate of multiplication,  and  (2)  the morphological 
appearance of monocytes cultivated in vitro. 
Technique 
Commercial blood fibrin, Harris purified casein, and  freshly extirpated chicken 
liver were used as the source of the protein hydrolytic products.  By  digesting with 
pepsin, trypsin, and a combination of trypsin and erepsin, digests were obtained 
in which the amount of nitrogen in the amino form varied from 12 to 68 per cent of 
the total nitrogen.  Proteolytic products  were also obtained by the autolysis of 
fresh liver  tissue at pH 4.5.  Completely hydrolyzed protein  was prepared  by 
' Carrel, A., and Ebeling, A. H., J. Exp. Med., 1926, 44, 285. 
2 Carrel, A., Science, 1931, 73, 297. 
Baker, L. E., and Carrel, A., Y. Exp. Med., 1928, 4/', 353,371; 48, 533.  Baker, 
L. E., Y. Exp. Med., 1929, 49, 163. 
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boiling the enzymatic digest with hydrochloric acid under a reflux.  The enzymatic 
digests and the autolysates were boiled at pH 7.0 to destroy the enzymes and to 
remove the chloroform which was used as a preservative during incubation.  They 
were then adjusted to pH 7.4, made isotonic, and diluted to a nitrogen content of 
0.24  per  cent.  Immediately before  use,  they were  again diluted with enough 
Tyrode solution to make the concentration of their nitrogen in the culture medium 
0.06 to 0.003 per cent, according to the experiment. 
Their effect was tested on fresh chicken blood monocytes, and  also on  pure 
strains of monocytes from blood and from spleen.  The effect of increasing degrees 
of hydrolysis of  the  protein was  tested  by  comparative experiments with  the 
peptic, the tryptic, and the ereptic and tryptic digests of a given protein at equal 
nitrogen  concentration.  As  a  further  test,  experiments  were  made  with the 
different digests in solutions containing the same amount of free amino nitrogen. 
As yet, no experiments have been undertaken with isolated or purified constituents 
of the digests. 
The fresh blood monocytes were obtained from centrifuged blood.  After remov- 
ing the plasma, the leucocyte layer was coagulated with a  drop of dilute tissue 
juice.  The disk of leucocytes was removed, washed in Ringer solution, and cut 
into tiny squares.  Adjacent sections of this leucocyte film were used for compara- 
tive experiments.  The experimental media consisted of a mixture of equal parts 
of plasma and digest.  The controls were cultivated in equal parts of plasma and 
Tyrode solution.  When it was desired to test the digest combined with serum or 
Tyrode solution instead of plasma, only half as much  plasma was used in the 
original clot and after coagulation, the cultures were washed twice at  39°C.  with 
the respective experimental and control media,  l½ hours were allowed for each 
washing.  On the 2nd day, the cultures were patched with a small quantity of the 
original medium and  the washing was repeated.  Fresh nutritive material was 
supplied every 2 or 3 days thereafter.  This was done by incubating the cultures 
for 2 hours with the new fluid, after which the excess was drawn off.  Diffusion 
between the old and the new medium was sufncient to wash away the waste prod- 
ucts, neutralize the acid, and supply fresh nutritive material.  Heparin  1 : 10,000 
was used in the plasma to maintain its fluidity.  This method of washing was 
adopted so as not to change the concentration of plasma and serum already con- 
tained in the coagulum. 
The rate of cell multiplication was ascertained from the area of the colonies and 
the density of their cell population.  The density was measured comparatively 
by examination of each culture under the microscope.  A permanent record was 
obtained by photographing the colonies from many experiments.  It is not possible 
by this means to measure small differences in the rates of multiplication, since the 
cells are ameboid and migrate over a  large area.  The technique is sufficiently 
accurate, however,  for the purposes of these experiments.  The  differences ob- 
served between the control and experimental cultures in both area and density 
of cell population were so great as to prove beyond doubt that they have markedly LILLLAN  E.  BAKER  691 
different rates of cell proliferation.  Measurements could be made only during the 
1st week or 10 days of cultivation.  After that time, small colonies of cells de- 
veloped over the entire surface of the coagulum. 
KESULTS 
Effect of Proteolytic  Products  on the Multiplication of Monocytes 
The addition of any of the enzymatic digests to the culture medium 
caused a  large increase in the rate of proliferation  of monocytes in 
leucocytic  film.  The  same  result  was  obtained  in  pure  strains  of 
monocytes from blood and from spleen.  When the serum was washed 
out of the clot in which the leucocytes were embedded and only the 
proteolytic products were supplied as nutritive material, proliferation 
continued for a  few days at a  rate greatly exceeding that in Tyrode 
solution (Text-fig. 1), but the cells survived only 7 or 8 days.  Diges- 
tion  of  the  coagulum  also  occurred  around  the  central  fragment. 
When,  however,  either  serum  or  heparin  plasma  was  provided  in 
addition  to  the  digests,  rapid  proliferation  continued  for  a  much 
longer time, and the ceils survived for many weeks without deteriora- 
tion.  All  the  results  described  below  are  taken,  therefore,  from 
experiments in which either serum or heparin plasma was used with 
the  proteolytic  products.  The  increased  proliferation  due  to  the 
digests was evident both from the larger area of the colonies obtained 
(Text-figs. 2 and 3) and from the greater density of the cell population 
in that area  (Fig.  1 a  and b).  The same phenomenon is evident in 
Figs. 5 and 6. 
The digests that contained small amounts of free amino nitrogen did 
not  cause  as  rapid  cell multiplication as  the  ones containing larger 
amounts of the lower split products (Text-figs. 2 and 3).  The autoly- 
sates of liver also promoted cell proliferation.  No comparable effects 
could  be  obtained with  protein  completely hydrolyzed  by  hydro- 
chloric acid or with artificial mixtures of pure amino acids.  The acid- 
hydrolyzed protein stimulated the multiplication very slightly.  Not 
even the smallest increase in proliferation could be observed on adding 
mixtures of pure amino acids to the medium. 
High  concentrations  of  the  digests were toxic  to monocytes.  At 
the  concentrations  used  (0.024  per  cent nitrogen  to  0.006  per  cent 
nitrogen),  some  of  them,  especially  the  liver  digests,  gave  larger 692  EFFECT  O~F  DIGESTION  PRODUCTS  ON  MONOCYT~-S 
growth with increased dilution  (Text-fig. 4).  In others,  the area of 
the  colonies  did  not  vary with  the  concentration.  It  is  probable, 
therefore,  that  the rate of proliferation  is limited by the amount of 
some other necessary constituent in the medium. 
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TExT-FIG.  1.  Experiment  4563  H.  Comparison  of  area  of  colonies of fresh 
blood monocytes obtained in peptic digest of fibrin, tryptic digest of fibrin, and 
Tyrode solution.  The  coagulum was washed to remove the serum from the 
original clot. 
It is not possible to explain fully at the present time the part played 
by serum or heparin plasma when combined with the digest.  Serum 
and plasma  are sufficient for maintenance  of monocytes,  but  allow 600 
only a slow proliferation.  The proteolytic products in Tyrode solu- 
tion cause an initial  rapid proliferation,  but are not in themselves 
adequate for  maintenance.  Willmcr and KendaP have reported that 
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TExT-FIG. 2.  Experiment 4009 H.  Comparison d  the  areas of co|onies of 
monocytes obtained in hepaHn plasma and fibrin digests of varying degrees of 
hydrolysis with those obtained in heparin plasma and  Tyrode solution.  The 
digests were used at equal concentrations of nitrogen. 
serum is necessary for the cultivation of fibroblasts in proteose solu- 
tions, and attribute the action of the serum to an enzyme that breaks 
down the proteose to lower disintegration products.  In the case of 
4  Willmer, E. N., and Kenda], L. P., J. Exp. Biol., 1932, 9, 149. 694  EFFECT  0~"  DIGESTION  PRODUCTS  ON  MONOCYTES 
monocytes, the presence of serum or plasma was as essential to the 
cultivation of the cells in tryptic and ereptic digests as to their culti- 
vation  in the digests consisting mostly of proteoses.  It is evident, 
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T~.xT-FIo. 3. Experiment 13261 D.  Comparison  of the areas of colonies of 
monocytes  obtained in casein digests of equal concentration  of nitrogen and varying 
degrees  of hydrolysis.  Heparin plasma was used with the digests. 
therefore, that for these cells the serum plays some other part than that 
of a  proteolytic enzyme.  Its  action may be  due  to  a  respiratory 
hormone or substances necessary to the fat or carbohydrate metabo- 
lism of the cells.  The antitryptic activity of the serum is undoubtedly LILLIAN  E.  BAKER  695 
important since without it the proteolytic digests cause liquefaction 
of the coagulum. 
Both serum and heparin plasma supplied the substances necessary 
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T~.xT-FIG. 4.  Comparison  of the areas  of monocytes obtained in a tryptic digest 
of liver at different concentrations.  Heparin  plasma was used with the digests. 
proteins.  However, the cells became more granular when serum was 
used, and underwent changes in morphology more rapidly than when 
heparin plasma supplemented the digests.  In the presence of heparin 
plasma, no liquefaction of the coagulum was observed. Some digestion 696  EFFECT  OF  DIGESTION PRODUCTS ON  MONOCYTES 
did occur after a  long time, when serum was used with the digests. 
This was not due to any difference in the antitryptic titre of plasma 
and serum.  The antitryptic activity of serum and plasma taken from 
the same animal was tested by the Fuld-Gross  5,~ method.  It  was 
found to be the same originally, and to decrease at the same rate over a 
period of 17 days. 
Effect of the Digests  on the Morphological  Appearance of the Cells 
The effect of these proteolytic digests on the morphological appear- 
ance of the cells was marked.  Blood monocytes cultivated in plasma 
change gradually from small round forms to  slender elongated cells, 
richer in mitochondria and neutral red granules than those that are 
starved in Tyrode solution.  I,~  The addition of proteolytic digests to the 
plasma medium caused an increase in the size of the cell and an increase 
in the number of cytoplasmic structures or granulations over that which 
they acquire in plasma (Fig. 2 a and b).  The cells became loaded with 
neutral red granules and contained somewhat more fat than those in 
normal medium.  The very granular condition does not indicate that 
the monocytes are degenerating.  They appear more like cells that 
are  abundantly  fed or  even  overfed.  They multiply  rapidly  and 
continue  to  live  for  a  long  time.  They migrate,  and  are  shown 
by cinematography to  have  actively undulating  membranes.  The 
appearance of the cells changes continuously during their sojourn in 
these media.  During rapid proliferation, chains and branching chains 
of cells are formed.  Mter a  considerable period of cultivation, they 
apparently anastomose and form groups of agglutinated cells over the 
entire medium (Fig. 3; see also  Figs. 6 d,  8 b, 10 b, and 13).  These 
agglutinated  cells  are  still extraordinarily active.  Cinematography 
shows that they are all in motion, pulling  away from each other but 
apparently unable to pull themselves apart.  Their membranes still 
undulate  continuously.  In  some  experiments,  the whole medium 
between the cells was covered by these membranes, and every cell was 
joined to one or several other ceils.  In certain cultures, the interlock- 
ing of the monocytes was so great as to give the appearance of tissue 
formation. 
Fuld, E., Arch. exp. Path. u. Pharraakol.,  1908, 58, 468. 
6 Gross, O., Arch. exp. Path. u. Pharraakol.,  1907, 57, 157 LILLIAN  E.  BAKER  697 
The change in morphology that the cells undergo in these media 
is determined by  (1)  the degree of hydrolysis  of the digest,  (2)  its 
concentration in the medium, and (3) the length of time the cells are 
cultivated in the digests.  Cells cultivated in serum and digest also 
differ morphologically from those  cultivated in heparin plasma and 
digest.  Those at  the center of the colony differ from those at  the 
periphery.  Individual characteristics of the plasmas used with the 
digests  also  play  a  part  in  determining their  exact  morphological 
characteristics. 
The degree of hydrolysis of the digests used in the medium deter- 
mines the size,  shape, degree of granulation of the monocytes, and 
their  tendency  to  agglutinate.  Monocytes  cultivated  in  protein 
digests containing small amounts of amino nitrogen become larger, 
rounder, and more granular than those cultivated in plasma (Fig. 2 a 
and b).  In the more highly hydrolyzed digests, the cells maintain 
the elongated form characteristic of those in plasma, but are much 
larger and longer than those in plasma (Fig. 5 a and b).  In the second 
passage, these differences are very marked (Fig. 4).  The control cells 
not pictured here were indistinguishable from the controls pictured in 
Fig. 2 a. 
The effect of increasing degrees of hydrolysis of a given protein is 
illustrated in Fig. 6 a, b, c, and d.  The same plasma was used with 
Tyrode solution (a), peptic digest of casein (b), tryptic digest of casein 
(c), and ereptic and tryptic digest of casein (d), at an equal concentra- 
tion of total nitrogen.  The cells in the ereptic and tryptic digest are 
somewhat shorter and broader than those in the tryptic digest, and 
show the beginning of agglutination.  Similar differences in the cells 
in peptic and tryptic digests of fibrin are also shown in Fig. 7 a and b. 
When the digests were used at such dilution that their concentrations 
of free amino nitrogen were the same, there was less difference between 
the cells of the ereptic and the  tryptic digests than at equal total 
nitrogen.  The  cells  of the  peptic digests still differed in character 
from the others because of the presence of the larger fractions of the 
protein molecule. 
The time required for the cells to agglutinate in these media depends 
also on the degree of hydrolysis of the digest.  When the digests are 
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first in the ereptic and tryptic digest (Fig. 6 d),  next in the tryptic 
digest, and much later, if at all, in the peptic digest. 
The acid-hydrolyzed proteins and the mixture of pure amino acids 
had no effect on the morphology of the cells comparable to that of the 
enzymatic digests.  The  amino acid mixtures,  if dilute,  caused no 
noticeable change in the cells.  When used at higher concentrations, 
the  cells became round  and  vacuolated,  and  degenerated.  In  the 
protein completely hydrolyzed by acid,  the cells became somewhat 
broader and more granular than the control cells, but did not undergo 
the marked changes produced by enzyme-hydrolyzed  material.  These 
changes cannot be ascribed, therefore, to the amino acids in the digests. 
They may be due to the intermediate products of protein hydrolysis. 
All the digests used in these experiments, even those having the largest 
quantity of amino nitrogen, were found to undergo further hydrolysis 
on treatment with acid.  There is also the possibility that the digests 
contain small quantities of some material that supplements the amino 
acids or the peptides. 
The concentration of the digest in the medium plays as important 
a part as its degree of hydrolysis in determining the size and shape of 
the cells and their tendency to agglutinate.  As the concentration is 
increased,  the  cells  become  shorter,  broader,  and  more granular; 
(compare Fig. 7 b with 7 c, also Fig. 9 a with 10 a).  Because of this, 
cells cultivated in a high concentration of tryptic digest (30 per cent 
amino nitrogen) may resemble those cultivated in a lower concentra- 
tion of peptic digest (12 per cent amino nitrogen) (compare Fig. 7 c 
with  7  a).  The higher the  concentration of the  digests,  the more 
quickly  agglutination of  the  cells  takes  place.  At  0.01  per  cent 
nitrogen, agglutination in a  tryptic digest of fibrin took place in 24 
days.  At 0.03 per cent, the same effect was observed in 15 days.  In 
the less hydrolyzed peptic digest, no agglutination was observed at 0.01 
per cent nitrogen during the entire period of cultivation.  It did take 
place, however, in a more concentrated solution. 
The length of time of cultivation in these media is as important in 
determining the morphology of the cells as the degree of hydrolysis or 
the concentration of the digest.  The increase in size of the cell and in 
the number of its cytoplasmic structures is a gradual process.  Also 
there is a cumulative effect of the digest as the time of cultivation is LILLIANE.  BAKER  699 
extended.  Within  certain limits,  the same results can be produced 
by long cultivation at low concentration as occur at a higher concen- 
tration in a short time.  It is also possible for two digests of different 
degrees of hydrolysis to produce the  same result, but the length of 
time required to give this result is different. 
The location of a cell in the colony also plays a part in determining 
its morphology.  Those at the periphery of the colony were broader 
and rounder than those near the central fragment.  They were also 
more granular, contained more fat, and showed anastomoses first (Fig. 
8  a  and b).  This is  to  be expected since the  concentration of the 
chemical constituents of the medium is altered by the metabolism of 
the cells.  The pH and the concentration of the nutritive substances 
are changed more rapidly at the center than at the periphery of the 
colony. 
The cells cultivated in serum and a given digest differed in morphol- 
ogy from those cultivated in plasma and the same digest (Figs. 9 and 
10).  In serum and digest, the cells were larger than in heparin plasma 
and digest and appeared much more granular.  Agglutinations also 
occurred more quickly when serum supplemented the digest than when 
heparin plasma was used with it (Fig. 10 a and b).  These differences 
were observed even when the serum and plasma were taken from the 
same animal. 
The character of the plasma used with the digest also plays some 
part in determining the morphology of the cell.  Plasmas taken from 
different animals of the same species vary over a considerable range in 
the quantity of some of their  constituents.  Six different plasmas, 
when combined with the same digest of casein at a given concentration, 
produced cells of varying lengths.  Fig. 11 a and b shows two extremes 
in this experiment.  However, the part played by the plasma is quite 
secondary to  that  of the digests.  In order to  obtain  the types of 
cells and growth pictured in this paper, it is necessary for the medium 
to contain proteolytic products. 
The agglutination of the leucocytes into masses of cells is  a very 
striking phenomenon.  It has so far been observed under only one 
other condition of cultivation; namely, by the addition of a very dilute 
solution of arsenic pentoxide to the usual culture medium of plasma 
and Tyrode solution.  In concentrations of arsenic  pentoxide  from 700  EFFECT  OF  DIGESTION  PRODUCTS  ON  MONOCYTES 
1 : 20,000 to 1 : 80,000, agglutinated masses of the leucocytes are formed 
of the same character as those produced by hydrolyzed proteins (Figs. 
13 and 14).  The monocytes cultivated in the presence of arsenic pent- 
oxide acquire the property of liquefying the plasma clot.  Too little 
evidence is at hand as yet to indicate whether enough digestion prod- 
ucts are formed in the liquefaction to  cause this change, or whether 
the  arsenic  oxide  brings  about  the  agglutinations  by  an  entirely 
different mechanism.  The arsenic pentoxide does not cause any such 
marked increase in monocyte proliferation as is obtained in the pro- 
teolytic digests. 
If the monocytes are cultivated for too long a time in these media, 
they finally degenerate.  For continued life, they must be transferred 
occasionally to their ordinary medium of plasma and Tyrode solution. 
When this is done, they gradually revert to the condition of cells that 
have been cultivated in normal medium.  This reversible change is, 
however, very slow.  The  cells sometimes retain the morphological 
appearance that they had in the medium containing proteolytic prod- 
ucts for as long as 14 days after they have been restored to normal 
medium.  The slow return of the cell to its normal condition suggests 
that it may be necessary in considering cell morphology to take into 
account the past history of the cell, as well as its present environment. 
Quite often giant cells are formed (Fig.  12).  Although their occur- 
rence is not specific to cultivation in proteolytic digests, it shows still 
another kind of cell reaction that has been observed in these media. 
SUMMARY 
It  has been found that  the cnzymatic digestion  products of  proteins 
cause a rapid  proliferation  of blood monocytes in vitro.  Digestion 
mixtures having anywhere from 12 to 68 per cent  of their  nitrogen  in 
the amino form possess  this  property. 
For  continued  proliferation,  heparin  plasma or  serum  must  be  repeat- 
edly  supplied  with the  digests.  Without them, multiplication  contin- 
ues for  only  a few days, the coagulum in  which the cells  are  embedded 
liquefies  around the central  fragment, and thc cells  disintegrate. 
The enzymatic digests  exert  a marked effect  on the morphological 
appearance of the cells  and finally  cause them to agglutinate. The 
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digest, its concentration, and the length of time the cells are cultivated 
in it.  The  morphological  appearance  of the cells is also somewhat 
influenced by the nature of the plasma or serum used with the digest. 
Digests having very little free amino nitrogen produce short, round, 
granular  cells.  Those more highly hydrolyzed produce large, long, 
slender forms. 
An increase in the concentration of the digest in the medium causes 
a shortening and broadening of the cell and an increase in its granula- 
tions.  Therefore, even a  highly hydrolyzed digest may,  if  concen- 
trated, give cells resembling those in a lower concentration of a  less 
hydrolyzed one. 
The digests have a cumulative effect on the cells, as the time of culti- 
vation is extended.  Therefore, cultivation for a long period in a dilute 
solution  may give  the  same  effect  as  a  shorter  time  in  a  higher 
concentration. 
A different effect is obtained if plasma is used with the digest than 
if serum is used, even when the plasma and serum are taken from the 
same  animal.  The  monocytes cultivated  in  serum  and  digest  are 
generally shorter, broader, and more granular than those cultivated 
in heparin plasma and digest.  They also contain more fat and have 
a greater tendency to digest the clot. 
Agglutination of the cells takes place more readily in highly hydro- 
lyzed products than in those slightly hydrolyzed.  It is hastened by 
increase  in  concentration  of  the  digest in  the  medium.  It  occurs 
more readily at the periphery of the culture and sooner in serum and 
digest than in heparin plasma and digest. 
Completely hydrolyzed proteins and mixtures of pure amino acids 
do not produce effects at  all  comparable to those of  the enzymatic 
digests either in their effect on the rate of cell proliferation or their 
action on the morphology of the cell. 
Arsenic pentoxide in dilutions from 1 : 20,000 to 1 : 80,000 is the only 
other agent known to bring about agglutinations of the monocytes 
when cultivated in vitro. 
The early changes in the morphological appearance of the cell that 
are produced by these digests are reversible.  When the digests are 
removed from  the medium and  the  cells  cultivated  in  plasma  and 
Tyrode solution, they very gradually revert to their original form. 702  EF]~ECT O]~ DIGESTION PRODUCTS  ON MONOCYTES 
EXPLANATION  OF PLATES 
Magnification  =  ×  230 in all the figures. 
PLATE 42 
FIG.  1.  Experiment  13352.  Effect  of  proteolyfic  digest  on  density  of  cell 
population. 
Fig.  i  a.  Control.  Fresh  blood monocytes cultivated for 3  days in  heparin 
plasma and Tyrode solution. 
Fig. 1 b.  Fresh blood monocytes cultivated for 3 days in heparin plasma and an 
ereptic and tryptic digest of fibrin (nitrogen  =  0.024 per cent; amino nitrogen  -- 
40 per cent of the total). 
FIG. 2.  Experiment 13342.  Effect of slightly hydrolyzed protein on the morph- 
ology of the ceil. 
Fig.  2  a.  Fresh blood monocytes cultivated  16 days in heparin plasma  and 
Tyrode solution. 
Fig.  2  b.  Fresh blood monocytes cultivated  16 days in heparin plasma  and 
peptic digest of fibrin (amino nitrogen -- 15 per cent of the total). 
Fic. 3.  Experiment 3865 H3.  Agglutinations of monocytes cultivated 19 days 
in heparin plasma and tryptic digest of liver (nitrogen  =  0.008 per cent; amino 
nitrogen  =  56 per cent of the  total).  Note the pseudopod-like folds in  their 
undulating membranes. 
FIG. 4.  Experiment 3987 H4.  Effect of more highly digested  protein on the 
morphology of the cell.  Monocytes kept for two passages (24 days) in heparin 
plasma and tryptic and ereptic digest of fibrin (nitrogen  -- 0.006 per cent; amino 
nitrogen  =  43 per cent of the total).  The control cells in heparin plasma and 
Tyrode solution not pictured  here  were indistinguishable  from those  shown in 
Fig.  2a. 
FIG.  5.  Experiment  12944 D.  Lengthening of ceils  in pure  strain of macro- 
phages, due to tryptic digest of chicken liver. 
Fig. 5 a.  Control cultivated 3 days in serum and Tyrode solution. 
Fig.  5  b.  Same monocytes cultivated  3 days in serum and tryptic digest  of 
chicken liver (amino nitrogen  =  56 per cent of the total). 
PLATE 43 
FIG.  6.  Experiment  13261 D.  Effect of increasing  degrees  of hydrolysis of 
casein. 
Fig. 6 a.  Control cultivated 13 days in heparin plasma and Tyrode solution. 
Fig. 6 b.  Fresh blood monocytes cultivated 13 days in heparin plasma and peptic 
digest of casein (nitrogen  =  0.024 per cent; amino nitrogen  =  12 per cent of total 
nitrogen).  Note increase in the number of cells. 
Fig.  6  c.  Fresh  blood monocytes cultivated  13  days in heparin plasma  and 
tryptic digest of casein (nitrogen  =  0.024 per cent; amino nitrogen  =  30 per cent LrLLI~X ~.  BAKER  703 
of the total nitrogen).  Note the increased size and lensth of the cells over those 
in Fig. 6 a and b. 
Fig.  6  d.  Fresh  blood monocytes cultivated  13  days in  heparin  plasma  and 
tryptic and ereptic digest of casein (nitrogen  -  0.024 per cent; amino nitrogen  u 
40 per cent of the total nitrogen).  Note the beginning of agglutinations. 
FIc. 7.  Experiment  13343 D.  Relative effects of concentration and degree  of 
hydrolysis of digests on the morphology of the cell. 
Fig. 7 a.  Monocytes cultivated 14 days in heparin plasma and a peptic digest of 
casein  (nitrogen  =  0.01  per cent). 
Fig. 7 b.  Monocytes cultivated 14 days in heparin plasma and a tryptic digest 
of casein (nitrogen  =  0.01 per cent). 
Fig. 7 c.  Monocytes cultivated 14 days in heparin plasma and a tryptic digest 
of casein three times as concentrated as in Fig. 7 b.  Note the difference in the cells 
of Fig. 7 a and b, and the similarity of the cells in Fig. 7 a and c. 
FIG. 8.  Experiment 3987 H2. 
Fig. 8 a.  Ceils near the central fragment in  15 day old culture cultivated in 
heparin plasma and peptic digest of fibrin. 
Fig. 8 b.  Cells at the periphery of the same culture after 15 days' cultivation. 
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FIo. 9.  Experiment 4573 H.  Differences between the effects of heparin plasma 
and serum when combined with a tryptic digest of fibrin. 
Fig. 9 a.  Monocytes cultivated 15 days in heparin plasma and tryptic digest of 
fibrin (nitrogen =  0.024 per cent). 
Fig. 9 b.  Monocytes cultivated 15 days in serum and the same tryptic digest of 
fibrin (nitrogen  =  0.024 per cent).  Note the agglutinations of the round granular 
cells. 
FIO.  10.  Experiment  14161 D.  Differences  between  the  effects  of  heparin 
plasma and serum when combined with a tryptic digest of fibrin. 
Fig. 10 a.  Monocytes cultivated 19 days in heparin plasma and tryptic digest 
of fibrin (nitrogen  =  0.06 per cent).  These ceils are round instead of long, as in 
Fig. 9 a, because of the greater concentration of the digest used in this experiment. 
Fig. 10 b.  Monocytes cultivated 19 days in serum and tryptic digest of fibrin 
(nitrogen  m 0.06 per cent).  Note the difference in the agglutinating effect of the 
serum, and also, by comparing Fig.  10 b with Fig.  10 a,  the effect of increased 
concentration on agglutination. 
FI~. 11.  Experiment 14270 D.  Effect of two different plasmas with the same 
proteolytic digest. 
Fig.  11  a.  Monocytes cultivated  in  Plasma  1 with  tryptie  digest  of casein 
(nitrogen  --- 0.024 per cent). 
Fig.  11 b.  Monocytes cultivated in Plasma 2 with the same tryptic digest of 
casein (nitrogen  =  0.024 per cent). 
Fro.  12.  Experiment 3715 H.  Giant cell resulting from cultivation of mono- 
cytes in tryptic digest of casein and later cultivation in serum.  Note the undulat- 
ing membrane at the end of the giant cell and surrounding the smaller cells. 70~  EFFECT  OF  DIGESTION  PRODUCTS  ON  MONOCYTES 
FIo.  13.  Experiment  13158  D.  Agglutinations  in  monocytes cultivated in 
heparin plasma and  tryptic digest of liver (nitrogen  --  0.012  per cent;  amino 
nitrogen ~  70 per cent of the total nitrogen). 
FIG.  14.  Experiment  13043  D.  Agglutinations in  monocytes  cultivated  in 
heparin plasma and arsenic pentoxide 1 : 20.000. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOk.  57  PLATE 42 
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